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(54) Organometallic derivatives of group IIKA and process for their preparation 

(57) New organometallic derivatives of group III A are 
descrfoed having general formula M(CeF s ) 3 wherein M 
is a metal of group IMA selected from aluminium, gallium 
and indium. 

The above derivatives are prepared by exchange reac- 
tion between a metal alkyl MR 3 with an organometallic 
derivative of boron having the formula B(C6F 5 ) 3 . 
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In the preferred embodiment, m = 3. 

The organometailic compound of boron. (BfCeFsh. used as reagent in scheme (A), was prepared as already 
desorbed in scientific literature, by reacting a derivative of magnesium having the formula (C$F 5 )-Mg-Br, obtained from 
C 6 F 5 -Br and Mg in flakes, with BF 3 .Et;£> in ethyl ether. 
5 The compound M(H) n R m is a derivative of di- or tri-alkyls of Aluminium. Gallium or Indium. 

This can also be obtained with the methods already described in scientific literature, but in the case of aluminium, 
valid derivatives which can be used for the purposes of the present invention, such as for example: AI(CH3)3, Al(C2H5)3. 
AI0-C 4 Hg)3, AJH(i-C 4 He) 2 are already available on the market. 

The reaction according to scheme (A) is carried out in a basically aliphatic, cycloaliphatic or aromatic, hydrocarbon 
w solvent, by mixing solutions of the reagents B(C6F 6 )3 and M(H) n R m in the above solvents. 

The molar ratios of the reagents indicated in scheme (A) are maintained, for reasons of convenience, simplicity of 
the reaction and purity of the final product M(CeF 6 )3. at basically 1 :1 . 

In fact if an excess of the reagent B{C 6 F 6 >3 is used, part of this must be recovered at the end of the reaction as it 
is the most expensive component; in addition the isolation of the desired product in its pure state is more difficult 
is If, on the contrary, an excess of the component M(H) n Rni is used, the purity of the final product is jeopardized as, 
at the end of the reaction, besides the expected products B^nR,,, and M(C6F 5 )3. there will also be consistent quantities 
of mixed products of the type M(CeF6) n Ra^ with n=1 and 2. 

The reaction temperature is not determinant for obtaining the final product if the reaction is carried out within the 
range -20/+100°C, tt is preferable however to operate at a temperature of between 0 and +30°C. 
20 In general, the reaction is carried out by dissolving the derivative B(CeF5)3 in toluene or hexane and adding, under 
stirring, to the solution thus obtained, a solution of Mf!-!)^ in the same solvent Basic solvents must be avoided or 
those which would sensitively interact with the derivatives of Boron or the metal of group IIIA (for example amines, water, 
alcohols, ethers). 

As all the cortpounds involved, reagents and products, are highly sensitive to oxygen or humidity, or both, all the 
25 reaction phases and subsequent isolation of the desired product must be strictly carried out under an inert gas using 
the well-known nitrogen-vacuum technique. 

After a time ranging from a few seconds to several hours, depending on the type of R and M and solvents used, the 
solution becomes forbid because of the formation of an abundant white precipitate consisting of the desired product 
M(C$F 6 )3 in its pure state. The quantity of the product M^F^ which precipitates depends on the operating conditions 
30 used and varies from 40% to 70% of the equivalents of the metal used in the reaction. After this first precipitation the 
mother liquor of the reaction can be concentrated at room temperature or cooled to a tow temperature obtaining further 
quantities of microcrystalline product The final yield of dried crystallized product varies from 70% to 90%, calculated 
on MlHJnRm used as reagent 

As already specified above, the reaction solvent basically consists of an aliphatic, cycloaliphatic or aromatic hydro- 
35 carbon from which the product precipitates and can be recovered by filtration and subsequent drying under vacuum for 
several hours. 

When an aromatic solvent is used, for example toluene or benzene, the final product recovered as a crystalline 
solid after drying at room temperature, contains a mole of solvent per mole of derivative and the final product is therefore 
better represented by the general formula M(C 6 F 6 )3 (solvent). The molecule of solvent can be easily removed if the 
40 drying step is carried out under vacuum at 80°C. without the desired final product M(C6F 5 )3, undergoing any decom- 
position, as shown from chemical analyses and NMR and infrared spectra. 

When, on the other hand, an aliphatic solvent is used, the drying of the recovered solid can be carried out directly 
at room temperature under the vacuum of a mechanical pump, to obtain the desired product without the solvent 

In the case of AlfAFsfe, the chemical nature of the product was identified not only by chemical analyses of the 
45 solid, but also by means erf its infrared spectrum (fig. 1 and 2) and NMR spectrum of the pig. 3). The infrared spectrum 
also permitted the presence of the toluene molecule to be revealed in the crystal obtained by drying at room temperature 
and its disappearance after heating the crystalline solid to 80°C. 

The NMR spectrum of the ' 8F (in toluene -de at 243 K), shown in figure 3, showed that only three signals of fluorine 
exist in the molecule at 6 = -124.6, -152.1 , -162.0 ppm (taking the signal at6 = -78.5 ppm of the CF 3 COOD in toluene- 
50 ds as external reference), with a relative intensity of 2:1 :2. This trend of the spectrum can be explained by attributing the 
three signals, in order, to the fluorine atoms in ortho, para and meta position with respect to the carbon bound to the 
aluminium atom in the -CsFs rings. The presence of only three types of resonances for the fluorine atom shows that the 
three CeF 6 rings are equivalents and therefore the AI(CeF 6 )3 compound is monomeric. In fact the formation of a dimer 
would cause a differentiation of the -C6F5 rings with an increase of the number of signals relating to fluorine. 
65 The products having general formula (I), particularly those wherein M is Al. can be advantageously used as cocat- 
atysts in the Ziegler-Natta polymerization of olefins and diolefins. 

With respect to the enclosed figures, number 1 is the IR spectrum in nujol of Al(CeF B )3 (toluene), figure 2 is the IR 
spectrum in nujol of AI(C6F 6 )3 after drying at 80°C for 8hrs under vacuum (10~ 5 Pa), figure 3 is the NMR spectrum of 
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g (0.1 1 moles) of AI(C2H 6 )3. Within an hour an abundant precipitate is formed which isfittered, washed twice with hexane, 
and dried with the mechanical pump at room temperature. 

4.0 grams of AI(C$F 5 )3 are recovered with a calculated yield of 69% of A^G^sfe. 

Claims 

1. Compounds having general formula (I) M(C6F 5 )3. wherein M is a metal of the group IIIA of the periodic table of 
elements, selected from Aluminium. Gallium and Indium. 

2. Compound according to claim 1 , wherein M is Aluminium. 

3. Process for the preparation of compounds having general formula (I) M(CeF 6 )3, characterized in that B(CeF 6 ) 3 is 
reacted with a compound having formula 

M(H)nfVi 

wherein: 

M is a metal of the group IIIA selected from Aluminium. Gallium and Indium; 

R is selected from aliphatic, cyctoaliphatic. benzyfic, linear or branched, monofunctional radicals, containing from 1 
to 20 carbon atoms; 
n + m = 3;nis0or 1. 

4. Process according to claim 3, characterized in that R is selected from methyl, ethyl and isobutyt. 

5. Process according to claim 3, characterized in that the molar ratio between B(C6F$) 3 and M^R™ is basically 1 to 1 . 

6. Process according to daim 3, characterized in that the reaction takes place in a basically hydrocarbon solvent 

7. Process according to claim 3, characterized in that the reaction is carried out at a temperature of between -20°C 
and +100°C. 

8. Process according to claim 7, characterized in that the reaction temperature is between 0°C and 30°C. 

9. Process according to claim 3, wherein M is AJ, m = 3. R is selected from methyl, ethyl and isobutyt. 
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